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Abstract

The XAD8 and XAD4 resins, used in series, show different behaviours in relation to the retention of dissolved organic
matter (DOM) from estuarine water samples according to different salinities. For the XADS8 resin, the removal of DOM
measured in terms of light absorbance at 250 nm varies from 69.4% + 0.5 to 51.4% + 3.5 and for the XAD4 resin it varies
from 20.0% + 1.0 to 25.2% + 3.0 for salinities ranging from 0.6 to 33.4. The isolation, with XAD8, of DOM from samples
increasing in salinity, measured in terms of emission fluorescence intensity at selected wavelengths (410, 440 and 460 nm)
for an excitation of 340 nm, decreases. In the same experimental conditions, the increase of fluorescent organic matter
(FOM) removed by the addition of XAD4 resin is always greater than 20%. However, addition of NaCl to the sample with
the lowest salinity, shows that the retention in both resins is related more to the nature of DOM than to the ionic strength of

the sample.

1. Introduction

The International Humic Substances Society
(THSS) has used XADS resin for the isolation of
reference and standard humic substances from fresh-
water (Thurman and Malcolm, 1981). XAD resins
adsorb dissolved organic matter (DOM) according to
the hydrophobic nature of its organic components
that interact with the resins. Since it is not possible
to predict the exact mechanism of adsorption, labora-
tory studies must evaluate the efficiency of DOM
retention on different matrices.

Most of the previous work on adsorption effi-
ciency of humics has been carried out using samples
prepared with humic substances previously isolated
according to the IHSS procedure (Stuermer and Har-
vey, 1977; Sorouradin et al., 1993; Town and Pow-

ell, 1993). These results cannot be extrapolated to
obtain the adsorption efficiency of humic substances
on XAD resins when using natural water samples.
Studies on the adsorption of DOM on XAD resins
from estuarine environments under different salinity
gradients have not been reported. The present work
aims at comparing (using light absorbance and fluo-
rescence) the efficiency of DOM isolation from dif-
ferent estuarine waters using a system of two resins
connected in series, XAD8 followed by XAD4. Such
data are important to evaluate the matrix effect on
the adsorption efficiency from factors such as salin-
ity and, consequently, to discuss the representative-
ness of the humic substances obtained.

The procedure for extracting humic substances
involves a preliminary stage of acidification to in-
crease the protonation and hydrophobicity of the
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humic substances and facilitate the adsorption on
XAD resins. The degree of protonation 6, (fraction
of sites occupied by protons) and the charge Q is
related by 6, =1 — Q/0,...,» where Q_ .  is the max-
imum (negative) charge of the fulvic acid, i.e. when
the sample is fully dissociated (Nederlof et al., 1993).
Therefore, at a certain pH the fulvic acids are more
negatively charged for high ionic strength. The dis-
sociation is, thus, enhanced with an increasing salt
level. Even when all the samples are acidified to the
same pH value of 2 before the isolation procedure,
the degree of protonation of the humic substances
still decreases with increasing salinity (also decreas-
ing the hydrophobicity). The efficiency of removal
on the resins therefore seems to depend on the
salinity, even for the same pH.

2. Materials and methods

2.1. Sample collection

Samples were collected (in 5 1 glass containers)
from locations with different salinities in the Aveiro
lagoon (Portugal):

(1) Frei-Gil (freshwater, S = 0.6),

(2) Aredo (low salinity, S = 1.8),

(3) Vagueira (medium salinity, S = 21.4), and

(4) Barra (secawater, S = 33.4).

After filtration through 0.45 um (Gelman-Supor)
filters the samples were stored in a dark room at
4 C.

2.2. Instrumentation

Absorbance readings were performed in a UV-
Visible spectrophotometer Shimadzu UV-2101 PC,
using a 100 mm quartz cell. The fluorescence mea-
surements, at room temperature, were carried out in
a Jasco FP-770 spectrofluorimeter at 410, 440 and
460 nm emission wavelengths and 340 nm excitation
(A,,. = 340 nm), using 5nm bandwidths and 1 cm
quartz cuvettes. All spectra were obtained in the
same conditions, although no calibration of the spec-
trofluorimeter response and correction for scattering
were performed. Salinity was measured in the field
with a salinometer WTW Microprocessor Conductiv-

ity Meter LF 196, and the pH with a pH meter Orion
250A.

2.3. XAD Resins

The fines, impurities and unpolymerized
monomers were removed with a daily washing of the
resins (XADS8 and XAD4) with 0.1 M NaOH and
distilled water during 10 days, followed by hot soxh-
let extraction (two runs) with methanol, acetonitrile
and dietylether (5 days in each solvent) finishing the
last run with methanol (3 days) (Santos et al., 1994).

Before the isolation of humic substances, the
methanol was removed with distilled water until no
absorbance was detected at 220 nm, and the resins
were then washed with 0.1 M NaOH followed by 0.1
M HCI and 0.01 M HCL

2.4. Isolation of aquatic humic substances

Four 13 ml glass columns for each resin (XAD8
and XAD4) were packed with 12 cm® of resins. All
columns were lined with teflon except for the 20 cm
tygon portion in the peristaltic pump.

The procedure for the isolation of aquatic humic
substances includes delivering 400 ml of the acidi-
fied water sample (with HCI to pH = 2), through the
XADS resin column, collecting the effluent and pass-
ing it through the XAD4 resin column, both at a flow
rate of 1.7 ml/min. The efficiency of the XADS8 and
XAD4 resins was evaluated for a set of four samples
for each salinity, measuring A,s, and fluorescence
intensities at 410, 440 and 460 nm for A, = 340
nm, of the influent and effluent of each column.

The desorption was performed by back-elution
with 20 ml (~ three column void volumes; Malcolm
et al., 1989) of 0.1 M NaOH.

3. Results and discussion

In the first isolation, the amount of retained DOM
was always higher than in subsequent isolations
which means that a fraction of the adsorbed DOM
was not eluted with the 0.1 M NaOH solution, and
that it is strongly retained in the XAD8 and XAD4
resins. Malcolm (1991) referred to the poor recovery
of humic solutes from XAD2 and XAD4 ranging
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from 75 to 85%. Sorouradin et al. (1993) proposed
the use of an alkaline solution of sodium dodecyl
sulphate, instead of the traditional 0.1 M NaOH, to
enhance desorption efficiency to values greater than
98%. It is well established that XAD4 resins with a
pore size of 50 A are inadequate to isolate DOM
with a high molecular weight (Aiken et al., 1979)
and, therefore, the fraction of adsorbed DOM on the
XAD4 resin must be of low molecular weight.

Table 1 shows that the retention of humic sub-
stances on XADS, measured as A, decreases lin-
early with increasing salinity (Pearson correlation
coefficient, r = —0.990). The same pattern is ob-
served for the XAD4 resin (r = —0.990), when ad-
sorption is measured between the influent and efflu-
ent of the XAD4 column. In our samples, the in-
crease in the amount of the DOM removed by the
introduction of a XAD4 resin depended on the salin-
ity (»=0.922) and ranged from 20.0% % 1.0 to
25.2% + 3.0 for freshwater and seawater, respec-
tively. However, the retention of DOM on the sys-
tem ‘‘XADS8 + XAD4” decreased linearly (r =
—0.999) with increasing salinity, from 89.4% + 1.1
to 76.7% + 0.5. The addition of XAD4 to the extrac-
tion system only partially compensates the decrease
in efficiency of XADS8 removal when the salinity
increases.

Table 2 shows a decreasing trend for all emission
wavelengths in the amount of FOM, retained on
XADS resin, with salinity (r,4,0= —0.836; r,,40 =
—0.867; r,4 = —0.870). The DOM that fluoresces
at longer wavelengths (A, =460 nm) is more re-
tained in this resin.

The results of Table 3 show that the retention of
DOM on XAD#4 resin decreases linearly with in-
creasing salinity (r,,,, = —0.927; r,,,0 = —0.913;
o = —0.904) when the retention efficiency is cal-

Table 1

Table 2

FOM from natural water samples, retained on XADS resin. The
percent (95% confidence intervals) of DOM removal was calcu-
lated at the A, =410, 440, and 460 nm, corresponding to the

three maxima of the emission spectrum, for A, = 340 nm
Salinity =~ XADS retention (%)
Agm =410nm A, =440nm A, =460 nm
0.6 64.610.6 66.8+0.6 69.0+0.8
1.8 65.6+£0.5 675405 69.6£0.6
214 63.6+0.6 65.1+0.6 67.3+0.3
334 43.2+4.6 515405 543+0.3

culated on the basis of fluorescence of outlet and
inlet of the XAD4 column. The results calculated
from the fluorescence intensities of the XAD4 efflu-
ent and original sample, do not show a clear linear
trend (ryy0 = 0.732; 140 = —0.303; rye =
—0.369) with salinity, except for the organic matter
fluorescent at 410 nm. However, for each sample the
removal of DOM on XAD4 is always higher for the
organic matter that fluoresces at shorter wavelengths,
which is opposite to what we observed on XADS.
The efficiency of the resin system (XADS +
XAD4) is increased by slightly over 20% (Table 3)
by the addition of XAD4. As also observed for the
data in the Table 4, the resin system shows a linear
decrease (7,40 = —0.871; 744 = —0.883; 16 =
—0.857) on the removal of FOM with increasing
salinity. As already discussed for the results in Ta-
bles 2 and 3 it is interesting to observe that, while
XADS retains a higher percentage of organic matter
fluorescent at longer wavelengths, the XAD4 retains
a higher percentage of organic matter fluorescent at
shorter wavelengths. However, the data shown in
Table 4 demonstrate that the total retention system
(XADS + XAD4) does not seem to show clear evi-

Retention (95% confidence intervals) of humic substances on XADS8 and XAD4 resins, measured as decrease of absorbance intensity at 250

nm (natural water samples)

Salinity XADS retention XAD#4 retention related to XAD4 retention related to Total retention
the influent of XAD4 the influent of XADS (XADS + XAD4)
(%) (%) (%) (%)
0.6 69.4 + 0.5 65.2+2.7 200+ 1.0 894+ 1.1
18 67.8 +0.5 64.6 +1.4 209 + 0.5 88.7+ 0.6
214 60.2 +2.1 54.7+ 4.5 217+ 08 81.9+27
334 515435 51.8+2.4 252 +3.0 76.7+0.5
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Percent of FOM, retained on XAD4 resin after the passage of natural water samples through the XADS resin. The retention percent (95%
confidence intervals) was calculated with the fluorescence intensity, at A, = 410, 440 and 460 nm; and for A.,. = 340 nm, of outlet of
XAD4 column and the inlet of XAD4 or XADS

Salinity Retention on XAD4 resin Retention on XAD4 resin
(outlet and inlet of XAD4) (%) (outlet of XAD4 and inlet of XADS) (%)
(@) (b) €] (@) )] ()
0.6 737+ 1.1 72.7+0.5 744 1+ 14 262+ 0.3 242+ 0.6 231105
1.8 714+ 1.1 712+ 0.6 72.0 £ 0.8 24.6 + 0.3 23.2+03 219+ 05
21.4 68.2+ 1.0 66.8 +2.2 679 £2.9 248 +0.3 233 +05 228 +0.8
334 56.1+0.3 48.5+ 6.5 472 +3.0 318+ 1.0 236 £32 21.8 + 1.0

(a) A, =410 nm; (b) A, = 440 nm; (¢) A,,, = 460 nm.

dence of fractionation of FOM since there are no
significant differences for the retention of FOM at
different wavelengths for the same salinity level.

In order to find out whether the obtained results
are influenced by salinity or DOM composition,
freshwater from Frei-Gil was treated with different
amounts of NaCl to obtain salinities of 1.3, 4.8, 23.6,
and 32.3. The influence of other seawater ions was
not tested.

The results presented in Table S apparently show
the same trend as observed for the data of Table 1:

Table 4

Total FOM of natural water samples, retained on the system of the
resins, XADS followed by XAD4. The retention (95% cenfidence
intervals) was calculated for the A, = 410, 440 and 460 nm for

an A, = 340 nm excitation
Salinity  Retention on (XAD8 + XADA4) resins, (%).
Ay =410nm A, =440nm A, = 460 nm

0.6 90.7+0.8 91.0+0.2 921408

1.8 90.2+0.6 90.7+0.6 914+£0.8
214 88.4+0.8 88.4+1.1 90.1+1.0
33.4 75.0+3.8 75.0+2.9 76.1+1.4
Table 5

the removal of DOM decreasing with salinity in the
XADS8 (r = —0.965) and in the system XADS +
XAD4 (r= —0.980), and increasing with XAD4
(r = 0.886). However, these results for each resin
and for the resins system are not significantly differ-
ent with an increase in salinity. It is the nature of
DOM, associated to different salinities, that plays a
major role in the isolation efficiency by XAD resins.

FOM adsorption on XADS8, XAD4 and XADS +
XAD4 in series was also evaluated using the samples
described above, with the salinity increased using
NaCl.

The results of Table 6 show a total retention
percent of fluorescent (A, =410, 440, 460 nm;
Ao = 340 nm) organic matter greater than 87.7%
with the system of XAD8 and XAD4 resins in series.
The XAD4 resin contributes more than 20% of this
total. Salinity does not affect the adsorption of FOM
on the resins, since no correlation was found be-
tween total FOM adsorbed and salinity (r,,,=
—0.437; Fyyg = —0.190; r,450 = —0.538). Compar-
ison of the results from Table 6 with the freshwater
data from Tables 2-4 shows no significant differ-
ences. The ionic strength (NaCl) is not an interferent

Retention percent on XAD8, XAD4 and (XADS + XAD4) resins of the sample with different salinities (amounts of NaCl) and the same
organic matter content. The retention percent (95% confidence intervals) was calculated on the base of absorbances at 250 nm wavelength

Salinity XADS retention XAD4 retention XAD4 retention related Total retention
to the original sample (XAD4 + XADS)
(%) (%) (%) (%)
13 70.7 £ 3.5 63.9 +2.1 188+ 1.3 89.6 +2.2
4.8 69.1 +3.3 637+ 1.1 198+ 2.1 889 +25
23.6 66.5 + 4.5 60.8 +3.2 203 +1.0 86.8 +4.1
323 66.1 + 4.6 60.4 + 3.2 20.5 £ 0.8 86.6 +4.3
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on adsorption of natural FOM on XADS and XAD4
resins.

4. Conclusions

For the salinity range S = 0-33, the isolation of
DOM, characterised by UV absorbance and fluores-
cence intensity, is increased by more than 20% using
a system of XAD8 and XAD4 resins in series,
instead of a XADS resin only. These results agree
with the range of 17-30% obtained by Santos et al.
(1994) for freshwater.

In first instance, salinity is thought to be a ruling
parameter in the efficiency of humics isolation with
the system XAD4 + XADS. The data obtained with
natural water samples show a decreasing trend of
adsorption of humics, measured as UV and fluores-
cence radiation, with increasing salinity. However,
the XADS8 and XAD4 show different behaviour pat-
terns concerning the effects of salinity on the adsorp-
tion. While adsorption on XADS8 decreases with
salinity, the opposite is found for the XAD4 resin,
partially compensating the decrease observed in the
XADS resin. The DOM that fluoresces at longer
wavelengths (A,,, = 460 nm) is more retained on
XADS than the one that fluoresces at lower wave-
lengths. An opposite trend is observed on XAD4,
resulting in a bulk of extracted organic matter more
representative of humic substances in terms of fluo-
rescence.

An experiment with a freshwater sample to which
NaCl was added has shown that salinity may not be
the master parameter to explain the decrease in
DOM extracted when salinity increases. No clear
trend was observed for adsorption of DOM on the
resins by adding different amounts of NaCl to the
freshwater sample. The change of nature of the
DOM appears to be the main reason for different
behaviour of the resins adsorption of organic matter
from estvarine waters with different salinities.

Acknowledgements

This work was developed with funds obtained
from the following research grants: Contract from
CEE No. MAST-0019-C: Biogeochemical Carbon
Cycling in Coastal Zones; and Contract from JNICT
No. PMCT /C/CEN /94 /90: Extraction, Fractiona-
tion and Characterisation of Aquatic Humic Sub-
stances;

References

Aiken, G.R., Thurman, E.M. and Malcolm, R.L., 1979. Compari-
son of XAD macroporous resins for the concentration of fulvic
acid from aqueous solution. Anal. Chem., 51(11): 1799-1803.

Malcolm, R.L., 1991. Factors to be considered in the isolation and
characterization of aquatic humic substances. In: B. Allard, H.
Borén and A. Grimvall (Editors), Humic Substances in Aquatic
and Terrestrial Environment. Springer, Berlin, pp. 9-36.

Malcolm, R.L., Aiken, G.R., Bowles, E.C. and Malcolm, J.D.,
1989. Isolation of Suwannee River fulvic and humic acids. In:
R.C. Averett, J.A. Leenheer, D.M. McKnight and K.A. Thorn
(Editors), Humic Substances in the Suwannee River, Georgia:
Interactions, Properties, and Proposed Structures. US Geol.
Surv., Open-File Rep., 87-557, pp. 23-35.

Nederlof, M.M., Wit, J.C.M., van Riemsdijk, W.H. and Koopal,
LK., 1993. Determination of proton affinity distributions for
humic substances. Environ. Sci. Technol., 27: 846—856.

Santos, M.E., Esteves, V.1, Amado, F.L. and Duarte, A.C., 1994,
Fractionation and characterization of aquatic organic matter.
In: N. Senesi and T.M. Miano (Editors), Humic Substances in
the Global Environment and Implications on Human Health.
Elsevier, Amsterdam, pp. 877-882.

Sorouradin, M.-H., Hiraide, M., Kim, Y.-S. and Kawaguchi, H.,
1993. Quantitative desorption of humic substances from Am-
berlite XAD resins with an alkaline solution of sodium dode-
cyl sulphate. Anal. Chim. Acta, 281: 191-195.

Stuermer, D.H. and Harvey, G.R., 1977. The isolation of humic
substances and alcohol-soluble organic matter from seawater.
Deep-Sea Res., 24: 303-309.

Thurman, E.M. and Malcolm, R.L., 1981. Preparative isolation of
aquatic humic substances. Environ. Sci. Technol., 15(4): 463—
466

Town, R.M. and Powell, H.K.J., 1993. Limitations of XAD resins
for the isolation of the non-colloidal humic fraction in soil
extracts and aquatic samples. Anal. Chim. Acta, 271: 195-202.



